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EXECUTIVE SUMMARY:

The developer of the male-selective Aedes aegypti OX5034 mosquito, Oxitec Ltd., requests an
analysis of their finding of no impact to threatened or endangered species or critical habitat
(United States Endangered Species Act (ESA) (16 U.S.C. §§ 1531-1544, or Federally designated
critical habitat) following release of these mosquitoes for the current Experimental Use Permit
(EUP). Oxitec has indicated that the male-selective Yellow Fever mosquito, de. aegypti
0X5034, will not result in adverse effects to threatened and endangered species based on the
following rationale. First, should the OX5034 mosquito be ingested by a listed species, no
adverse effect is expected because the tTAV-0X5034 and DsRed2-OX5034 proteins are present
at negligible, de minimis, levels in male OX5034 mosquitoes, protein exposure will be transient
and minimal due to rapid environmental and gastric degradation, and feeding studies of 0X5034
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mosquito developmental life stages to predatory fish and invertebrates (crayfish) showed no
observable negative effects. Second, OX5034 Aedes aegypti is an urban or domestic mosquito
closely associated with human habitations. Non-target organisms in these areas are not usually
threatened or endangered species. Third, there are no known listed species that are obligate
consumers of Aedes aegypti mosquitoes or for which Aedes aegypti mosquitoes comprise a
significant proportion of the diet. Fourth, upon completion of the proposed trial, the population
of Aedes aegypti is expected to be restored to its pre-field trial population level. Fifth, Aedes
aegypti 1s a non-native species in the U.S. and has, therefore, not co-evolved with other
organisms in the ecosystem which could have become adapted to predation of Ae. aegypti as a
food source.

PURPOSE OF THE STUDY:

To examine the potential interactions between threatened and endangered species and the male-
selective de. aegypti OX5034, as well as any influence on critical habitat utilized by threatened
and endangered species of all types.

CLASSIFICATION: ACCEPTABLE

L Description of Product

Strain/Source: 0X5034 was developed via standard micro-injection methods (Morris, 1997;
Jasinskiene et al., 1998), by injecting a combination of pOX5034 plasmid DNA (containing the
tTAV-0X5034 and DsRed2-OX5034 genetic material) and piggyBac mRNA as the source of
transposase, into Aedes aegypti mosquito eggs of an arbovirus free Latin American wild-type
strain (originating from Chiapas, Mexico, and held in Oxitec labs since 2006). The transposase
mRNA provides a source of piggyBac transposase, to allow the rDNA construct to be integrated
into the germline of Aedes aegypti. The non-autonomous transposon has no endogenous source
of transposase in mosquitoes and has had no further translocation. The resulting OX513A line
has been maintained in a continuously cycling insect colony for the equivalent of over 27
generation equivalents as of January 2019. OX5034 males, homozygous for the two transgenes,
are to be released for population suppression When male OX5034 Aedes aegypti homozygous
for the conditional female-specific self-limiting gene (carrying two copies of the gene) are
released into the environment and mate with wild Aedes aegypti females, their oftspring inherit a
single copy (so are hemizygous) of the self-limiting gene. The self-limiting gene kills only
female offspring (carrying one copy of the self-limiting gene), which die at early larval stages of
development, while hemizygous males will survive to pass the OX5034 genes on further. Hence
the OX5034 mosquito can be considered to be a species-specific female larvicide for Aedes

aegypli.

Function of Product and Mode of Action

The OX513A male-selective Ae. aegypti released into identified receiving environments mate
with wild-type Ae. aegypti resulting in egg and larval production, however, the presence of the
tTAV transgene prohibits the morphogenesis of larvae into adult female mosquitoes in the
absence of tetracycline. The self-limiting trait is a function of the expression of the tetracycline-
repressible transactivator protein variant (tTAV-0X5034) in a female-specific manner.
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Expression of tTAV-0X5034 is regulated by tetracycline or one of its derivatives. Tetracyclines
bind to tTAV-0X5034 protein, preventing it from activating transcription. Thus, when either
tetracycline or one of its analogues 1s absent from the OX5034 mosquito larval diet, tTAV-
0X5034 protein causes lethality in female Aedes aegypti carrying at least one copy of the
0X5034 rDNA construct, including the female progeny of matings between OX5034
homozygous males and wild Aedes aegypti females.

0X5034 Aedes aegypti 1s a homozygous diploid line of Aedes aegypti containing a single
integrated copy of the OX5034 rDNA construct conferring two traits:

e The “conditional female-specific self-limiting” trait, which is conferred through the
female-specific expression of a tTAV-0X5034 protein leading to conditional lethality of
0X5034, or progeny inheriting the OX5034 rDNA construct, in the absence of
tetracycline or its analogues (conditional lethality is manifested at the early larval stages
of development).

e A fluorescent marker, DsRed2-0OX5034, to aid in the detection of Aedes aegypti
containing the OX5034 rDNA construct. The DsRed2-OX5034 protein belongs to a
family of red fluorescent proteins, which are members of a group of non-toxic fluorescent
proteins identified in several Anthozoa species. DsRed2-OX5034 is a synthetic sequence
variant of the original red fluorescent protein (DsRed) isolated from a coral-like
anemone, Discosoma sp., that has been modified for faster maturation and lower non-
specific aggregation.

To produce OX5034 males for release, larvae are hatched in the absence of tetracyclines. Female
larvae die in L2/L.3 larval instar stages, while males survive to fully functional adulthood. This
means that released OX5034 Aedes aegypti will be males that cannot bite humans or other
animals and that do not transmit disease. In OX5034, tTAV-0X5034 protein is predominantly
produced in female mosquitoes. This is achieved by linking the tTAV-0OX5034 coding sequence
to a sex-specific splicing module, which produces different isoforms of tTAV-0X5034
messenger RNA (mRNA) in males and females as a result of alternative splicing. Analyses of
tTAV protein in male OX5034 mosquitoes (MRID 50889419) revealed that, in older adult male
0X5034 mosquitoes reared without tetracyclines, very low levels of tTAV protein are in fact
present. This occurs too late to have any effects on male survival or fitness and is likely a result
of the highly, but not perfectly, regulated sex-specific alternative splicing pathway in Aedes
aegypti (Salvemini et al., 2011).

The male hemizygous OX5034 progeny of matings between released OX5034 homozygous
males and wild females can survive in the absence of tetracyclines (though climatic conditions,
predation and other factors mean that some will fail to survive to functional adulthood). Any
hemizygous OX5034 males that reach adulthood in the wild will be able to pass on the OX5034
rDNA to another generation of progeny, and so on for several generations after the original
release of OX5034 homozygous males. To evaluate the persistence of the OX5034 rDNA after
cessation of releases, Oxitec conducted a trait decline study in a caged population of wild-type
Aedes aegypti.

A study was conducted to assess whether the male-selecting OX5034 trait would fully select
itself out of a wild post-release population at a rate predicted by a stochastic simulation model of
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natural selection against the introduced trait. Following introduction of the OX5034 male-
selecting trait into a caged wild-type population, and subsequent off-tetracycline rearing of future
generations, the male-selecting trait frequency decreased in a manner consistent with model
predictions, leading to extinction of the genetic trait after an average of 7 generations post-
release, with 10 generations being the longest recorded trait persistence post-release. Full details
of this study are provided in (MRID 50889416).

The OX5034 release is intended to reduce, but not eliminate, local Ae. aegypti populations. As 1s
similar with chemical (e.g., organophosphate, pyrethroid) or biological (e.g., Bacillus
thuringiensis var. israelensis) mosquito abatement treatments, the decrease in mosquito
populations is temporary and populations will rebound from unaffected mosquitoes or gradual
movement into the treated area over time. Released male-selective de. aegypti applied to a
treatment area are anticipated to move less than 200 meters as they are weak fliers and tend to
remain primarily in the area of release (LaCroix et al., 2012). Wind storms and occasional animal
vectors may transport a small portion of these released mosquitoes outside the immediate
treatment areas. Given the short timespan in which these modified insects remain viable (i.e., 2
to 3 days average), they are not expected to spread significantly or establish.

Impacts on Animals from Release of OX5034

The OX5034 Ae. aegypti releases will contain 100% male mosquitoes and therefore will not
constitute a hazard related to female mosquitoes biting animals or transmitting disease, such as
those caused by arboviruses. The OX5034 laboratory colony is evaluated for the presence of
several different arboviruses and production lots are rejected if the presence of any of these
viruses was confirmed.

As noted above, Ae. aegypti is predominantly a peridomestic resident and focuses primarily on

human hosts when seeking a bloodmeal. The urban nature of this species and its preference for

humans as a source of a bloodmeal make interactions with threatened or endangered species far
less likely than with many other mosquito species.

Various species of bats, birds, fish, reptiles, amphibians, and insects and are known to consume
adult or larval mosquitoes with the species of mosquitoes ingested varying by habitat, seasonality
and prey preferences. Adult Ae. aegypti frequent urban environments predominantly, hence their
availability as food for many predatory species will be reduced based upon proximity to human
dwellings and the lack of or reduced presence of such predators in the immediate area. Similarly,
Ae. aegypti preferentially oviposit in clean water associated with various containers (e.g., tires,
flower pots, gutters, cisterns) which are commonly associated with human habitation. Hence,
consumption of larval e. aegypti by fish and amphibians is unlikely in such habitat. A study
submitted in support of this experimental use permit demonstrated a lack of toxicity or adverse
effects to guppies (Poecilia reticulata) ted OX5034 larvae (MRID 50698708). American signal
crayfish (Pacifastacus leniusculus) similarly consumed OX5034 larvae without any evidence of
adverse effects (MRID 50698707).

Chiropteran species are considered active generalist predators of insects and it has been

anecdotally suggested that insectivorous bats may consume 1000 or more mosquitoes per hour or
approximately 12,000 per night. This suggestion stems in part from extrapolations of a study
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(Griffin et al., 1960} conducted in a sealed environment wherein mosquitoes were the only prey
made available to captive bats. The intent of the study was to evaluate echolocation
characteristics of Myotis spp. in finding Culex quinquefasciatus, the southern house mosquito, on
the wing, not to establish the bat’s dietary preferences. In areas where larger, more nutritious
insect prey are available, bats do not consume large numbers of mosquitoes as they do not
constitute significant calories or nutrients relative to the task of predating upon them (Gonsalves
et al., 2013; Wetzler and Boyles, 2018). While northern bats (Myofis septentrionalis) readily
consume mosquitoes in enclosures, evidence suggests that they consume few mosquitoes in an
open feeding environment (Boyles et al., 2013).

A study of Big Brown Bats’ (Eptesicus fuscus) prey preferences, a generalist feeder, indicated a
predominance of Coleoptera, Diptera, Ephemeroptera and Lepidoptera species in their diet with
Dipteran species predominated by chironomids and very few mosquitoes (Clare et al., 2014).
Similarly, a comparison of the diet of eight bat species in southern Illinois concluded that
mosquitoes represented a small portion of the overall diet of these insectivorous bats (Feldhamer
et al., 2009).

Under certain conditions, such as colder nights where larger insects were less available or when
female bats are lactating, Diptera, including mosquitoes and crane flies, may constitute a larger
portion of the diet of the southeastern brown bat, Myotis austroriparius, in Florida (Zinn and
Humphrey, 1983). These Dipterans constituted as much as 75% of biomass sampled by bats on
cooler nights, however, the diversity of the diet of this insectivorous bat increased considerably
during warmer temperatures (i.e., most spring and summer nights). In a recent Wisconsin study,
little brown bats (Myotis lucifugus) and big brown bats (Eptesicus fuscus) were found to include
mosquitoes (9 species identified) in their diet at 72% and 33% of samples, respectively, at all
sites sampled (Wray et al., 2018). In contrast, Whitaker and Lawhead (1992) found mosquitoes
in 17% of fecal samples of M. lucifiigus which constituted 1.8% (volumetrically) of their insect-
based diet. Given the taxonomic, temporal and geographical breadth of the studies referenced
above, it can be concluded that for different insectivorous bat species, mosquitoes may constitute
less or more of their overall dietary intake of insects depending in part on seasonality, bat species
and availability of diverse prey.

Numerous insectivorous avian species include mosquitoes within their diet, however, none are
known to include a significant biomass of mosquitoes as a regular part of their consumed prey.
Purple Martins (Progne subis) have been considered as actively seeking mosquitoes among other
flying insects when feeding. A study in Oklahoma evaluating prey captured by Purple Martins at
various altitudes failed to detect mosquitoes as part of prey fed to young birds (Helms et al.,
2016). Other reports suggest that mosquitoes typically do not make up more than 3% of the
Purple Martin diet (Miller, 2006).

In a seven-year study conducted in Edinboro, PA, mosquitoes were not detected in 500 Purple
Martin diet samples collected and analyzed (PMCA, 2006). Based upon the feeding habits of
Purple Martins, it was considered as unlikely that the birds and freshwater mosquitoes would
encounter each other routinely.
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In contrast, Western Bluebirds, Sialia mexicana, consumed Aedes (species not identified) as the
most common arthropod prey among 66 species identified in fecal samples (Jedlicka et al., 2017)
from California vineyards. Samples from adults and nestlings indicated 51% and 49%,
respectively, contained Aedes as prey.

Reptiles and amphibians are known to predate on mosquitoes, both adult and larval stages. While
neither group has evolved to specifically target mosquitoes as a major portion of their diet, in
some instances, mosquitoes can constitute a significant source of prey. The Tiger Salamander,
Ambystoma tigrinum, was found to readily consume mosquito (Culicidae) larvae based on 26%
of stomach samples containing remnants of larvae (Brodman and Dorton, 2006). Interestingly,
salamander length was negatively correlated with the number of mosquito larvae consumed but
positively correlated with consumption of larger prey (e.g., tadpoles, beetles). Mosquito larvae
were determined to be the third most commonly consumed prey in this pond study. Eastern
Spotted Newts, Notophthalamus viridescens, were also found to consume mosquito larvae
among other insect prey in aquatic situations (Matheson and Hinman, 1929).

In addition to direct consumption, mosquito larvae and amphibian larvae (i.e., tadpoles) may
directly compete for resources and impact growth of each other, as well as survival (Mokany and
Shine, 2003). While most tadpoles are herbivorous, some species will consume mosquito larvae
and other insects in certain situations. It has been suggested that some mosquitoes will
preferentially oviposit in waters with few or no tadpoles present.

Exposure of listed plant species is expected to be minimal. Aedes aegypti are primarily found in
urban areas and have minimal interaction with terrestrial plant species in natural ecosystems or
agricultural crops, beyond adults nectar feeding on flowers for carbohydrates, and specific
species (e.g., some members of the Bromeliad family) that provide an oviposition substrate or
phytotelmata in the parts which retain water, in the urban environment. In addition, 4edes
aegypti do not pollinate plants. The tTAV-0X5034 and DsRed2-0X5034 proteins are expressed
in OX5034 tissues within the confines of its chitinaceous exoskeleton and, therefore, are
unavailable to plants. Plant leaves generally have an external waxy cuticle, which repels water
and facilitates the physical removal of contaminants. It is highly unlikely that the IDNA
construct could be transferred to other species that may be involved in pollination of plants. As a
result of these combined factors, TAV-0X5034 and DsRed2-0X5034 proteins are highly
unlikely to result in adverse effects on listed plant species.

BPPD Comments:

Based upon bioinformatic analyses, neither DsRed2-OX5034 or tTAV-0X5034 are known to
share significant sequence homology with known toxins (MRID 50889420. Both of these
proteins are predicted as susceptible to several proteases as would be found in avian and
mammalian gastric systems (i.e. pepsin, trypsin, chymotrypsin) based upon bioinformatics
analysis (MRID 50889420), thus proteins are expected to be broken down following ingestion.
Based upon bioinformatics analyses, both DsRed2-0X5034 and tTAV-0X5034 are also
predicted as susceptible to two environmental proteases (i.e. proteinase K and subtilisin A) and
are thus expected to degrade under field conditions. While several variants of DsRed can
sometimes exhibit toxic effects when expressed within living cells, oral consumption and
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subsequent digestion would result in protein degradation, thus uptake of the intact protein into
cells following ingestion is unlikely. Because biting females will not be released, wildlife will
not serve as bloodmeals for mosquitoes carrying tTAV-0X5034 and DsRed2-OX5034 proteins,
thus excluding this as an exposure pathway to these proteins. These proteins are not expected to
persist in the environment nor in the tissues of any animals ingesting mosquitoes containing
these proteins.

Aedes aegypti is known to frequent households and associated habitat in close proximity to
buildings inhabited by humans, thus limiting exposure for listed plants and wildlife.
Furthermore, biting females will not be released, thus there would be no exposure to tTAV-
0X5034 and DsRed2-OX5034 proteins via this route. As mentioned previously, tTAV protein
analyses of male OX5034 mosquitoes (MRID 50889419) revealed that, in older adult male
0X5034 mosquitoes reared without tetracyclines, very low levels of tTAV protein are present,
however male mosquitoes do not bite and tTAV-0X5034 does not share significant homology
with any known toxins. Exposure via ingestion is possible, however, both proteins are predicted
to be susceptible to gastric and environmental proteases and will thus be subjected to digestion
once ingested and degrade once in the environment. The presence of OX5034 male mosquitoes
in the environment is not anticipated to present a risk to threatened or endangered species nor
negatively impact the habitat of such species. The submitted analysis is appropriate considering
the minimal exposure of threatened and endangered species and their critical habitat from release
to OX513A male mosquitoes for the current EUP. The information provided is acceptable for
use in the risk assessment; impacts to endangered species are not expected.

CONCLUSION: ACCEPTABLE
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